Last two decades of advances in sensors, electronics and wireless communication, as well as dramatic increase of computing power of integrated microprocessors and microcontrollers have opened new perspectives for Unmanned Aerial Vehicles (UAVs). Such systems became smaller, more endurable and cheaper, accessible not only for military clients, but also for civilian applicati ons. One of the most important components of an UAV is a set of sensors, used to acquire both real-time flight and system control data. Mini-class electric-powered UAV (wingspan up to 4 meters, take-off weight up to 50 kg) consists of more than twenty different sensors, including Pitot and static pressure sensors (for airspeed, altitude and vertical speed measurements), inertial and angular rate sensors, and the most important for surveillance missions, day and night imaging sensors.
Introduction
Unmanned Aerial Vehicles (UAVs), commonly defined as unpiloted, remotely operated aerial vehicles [1] , are developed for a number of roles, both in civilian (natural disasters, humanitarian relief, environment and weather tracking, inspection of power lines and pipelines) and defense applications (reconnaissance, surveillance, weapon delivery). Currently, main customers are military forces of about 50 countries, mainly due to very strict aviation law, however, there is a significant increase of civilian UAV market, expected to reach almost 6 billion dollars in 2016 [2] .
According to the operation range of the system, UAVs can be divided into three main classes [1] , listed in Table 1 .The mini-class is mainly used in short-range (< 50 km) reconnaissance missions with operation time from 30 minutes up to 2 hours. Such systems are very compact, with take-off weight not more than 15 kg and wing span less than 4 meters. They have no possibilities to carry any weapon, however, can be used to find and mark targets. A typical mini-class UAV is electric-powered, very often with gliding capability, what significantly increases flight time, capable of performing automatic take-off, mission and landing procedures. This is possible due to a set of different sensors, acquiring real-time flight data. The range of measured parameters is relatively wide, from air pressure to inertial forces, almost each of them has high or very high impact to the success of the mission [3] . Sensors within an UAV are connected to the avionics network, the nervous system of the aircraft, able to transfer a large amount of real-time data with very low probability of an error [4] . 
Pressure sensors
There is a set of basic parameters crucial for the safety of the flight of any aircraft, both manned and unmanned, such as airspeed, altitude and vertical speed. Airspeed is critical for maintaining the flight capability of the aircraft. Especially too low airspeed is dangerous and might cause stall and an accident [5] . Airspeed is measured using so called Prandtl (Pitot -static) tube as a difference between total (Pitot) pressure and static pressure (atmospheric pressure at given flight level). An accurate information about current altitude is extremely important during take-off and landing phases of the flight. Altitude and vertical speed are measured as functions of barometric pressure. In modern electronic-based avionics systems, the role of technical diaphragm and aneroid barometer has been taken by differential and absolute pressure sensors, increasing reliability and reducing weight. However, there are a few special requirements for avionics pressure sensors [6] .
Very often, the primary set of pressure sensors is integrated in Air Data Computer (ADC) and located in the wing of an UAV. During a standard mission, the span of operating temperatures within the wing is between +90°C on the ground in full sunlight and -35°C at flight level 5000 meters and thus, it is necessary to use wide temperature range compensated pressure sensors. The barometric and differential pressure sensors must be capable of delivering high accuracy and resolution data in all flight conditions, still subject to the requirements of low weight and small dimensions. 
Angular-rate and inertial sensors
Another key flight data, especially for UAVs, is the attitude, a position of an aircraft relative to the Earth (in so called North East Down -NED reference system) [7] , commonly known as artificial horizon. Theoretically, it could be possible to obtain attitude data only from a set of three gyroscopes, however, due to their natural drift, after some period of time, an attitude error is accumulated and information becomes useless. To avoid this problem, especially in a low-grade gyroscopes, three angular rate sensors (gyroscopes) are integrated together with three inertial sensors (accelerometers) which creates a six-degree of freedom (6-DOF) Inertial Measurement Unit (IMU), a part of Attitude Heading Reference System (AHRS) [8] . In a very basic implementation, an AHRS consist of an Inertial Measurement Unit and a fast computing unit. Basing on the data provided by inertial sensors and using sophisticated algorithms (i.e. Extended Kalman Filter -EKF) [9] , a drift of gyroscopes can be compensated. During some flight conditions, especially long circling, some additional airspeed or groundspeed (GPS) data has to be provided, to help the algorithm to discriminate between the coordinated turn, when there is no lateral acceleration of the aircraft, and a straight flight [7] .
As mentioned before, a key point for AHRS computation is a short-term and temperature stability of angular rate and inertial sensors. Even relatively small drift leads to an unexpected behavior of an autonomous navigation system and often, leads to an accident. Drift issue can be resolved by proper calibration of IMU [8] . However, some of MEMS inertial and angular rate sensors, commonly used in small IMU/AHRS systems, have unexpected and highly nonlinear temperature characteristic extremely hard to be compensated.
Additional sensors
Besides air data and attitude sensors, an UAV consists of tens of additional transducers and sensors, such as control surfaces position sensors, temperature transducers (for engine, Engine Control Unit, batteries, etc.) and the most important for surveillance missions: day and night vision camera system. Camera payload is usually mounted within 2-axis turret (pan and tilt), often with its own IMU for image stabilization. The distance to the target is measured using Time-of-Flight (TOF) laser range finder, often assembled together with the imaging system. Using mechanical and digital image stabilization, together with the position data provided by both main AHRS and local IMU, it is possible to observe an object of the size of a car from a distance of a few kilometers, both in visual range as well as infrared range.
Avionics network
A set of sensors on board a mini-class UAV cannot work as standalone devices. Each of them must be connected to the autonomous navigation system, commonly called autopilot, and share air-data between. Although, it is possible to design a system without central communication bus, it is highly unpractical and sometimes even dangerous. There Y-axis is a family of well-established avionics networks, such as ARINC-429 or MIL-STD-1553B [3] . However, they are mainly designed to be used within large, manned aircrafts and usually provide only one-way, relatively slow communication. One of possible standards to be used within mini-class or tactical UAVs are CANAerospace and ARINC-825 [10] [11] , based on commonly known Controller Area Network (CAN) [12] , developed by Robert Bosh GmbH and adapted for airborne purposes, providing highly secure interconnection between network nodes. An avionics network of a class-mini UAV must accept approximately 60 operational parameters transmitted with maximum frequency of tens of Hertz, with various priorities of the messages. The highest priority have results of AHRS computation (attitude messages) and Air Data Computer messages (80 Hz), the lowest, low frequency temperature measurements and other standard operational data (1 Hz).
Conclusions
A mini-class UAV is a highly specialized aircraft, able to perform fully autonomous missions and transfer real-time video to the command center, however, it is possible thanks to a tens of sensors and transducers on his board. Many of them work in a highly unfavorable environmental conditions, where any damage can lead to an accident of the airplane.
